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"he rurrber of c y t o s o l i c  androgen  r e c e p t o r s  i n  r a t  s k e l e t a l  

m s c l e  i ~ c ~ p ~ s e s  folloxing d e n e r v a t i o n  2nd d i s u s e  ( J .  ' : e U r o C h e m .  

43:14??-1Q83, 1984) .  Th is  i n c r e a s e  was p o s t u l a t e d  t o  r e p r e s e n t  

a l t e r e d  i n t r a c e l l u l a r  d i s t r i b u t i o n  and consequen t  d i m i n i s h e d  

s e n s i t i v i t y  of  s p e l e t a l  m s c l e  t o  ZndroEens.  To t e s t  t h i s  

h y p o t h e s i s ,  w e  measured t o t a l  (homogenate)  androgen  r e c e p t o r  

l eve ls  a f t e r  d e n e r v a t i o n .  T o t a l  (homo&enate)  androgen  r e c e p t o r  

b i n d i n g  d i d  n o t  ck,aqge in r e s p o z s e  t o  d e n e r v a t i o n  of l eg  m s c l e s  

from a d u l t  Dale  r a t s .  An i n c r e a s e  i n  c y t o s o l i c  r e c e p t o r  nii:oher 

w i t h  no i n c r e a s e  i n  t o t a l  (homogenate)  r e c e p t o r  l e v e l s  . u p i + c l r t s  

t h e  k y p o t h e s i s  of  a l t e r e d  i n t r a c e l l u l a r  d i s t r i h u t i o n  of  zrl21 (-Zen 

r e c e p t o r s  i n  dene rva ted  muscle .  C y t o s o l i c  androgen  r e c e p t o r  

b i d i n g  i n  mdscle from % a l e  r a t s  T-lcreEP-ed by 40$ a f t e r  

d e n e r v a t i o n ,  w h i l e  i n  f e m a l e s ,  t h e  i n c r e a s e  was 17%. These 

increases  c o u l d  n o t  be a l t e r e d  by e n d o c r i n e  m a n i p u l a t i o n s  of  n a l e s  

- -  - 

- 

or females. 

S h o r t  T i t l e :  Muscle Androgen F e c e p t o r s  

Key Words: muscle ,  androgen r e c e p t o r s ,  d e n e r v a t i o n  
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The a c t i o n s  of androgens on s t r i a t e d  muscle  a p p e a r  t o  be 

r red ia ted  v i a  i n t e r a c t i o n  of t h e s e  hormones w i t h  i n t r a c e l l u l a r  

r e c e p t o r s  (\!ax, 1981;  Max e t  al., 1981 ;  I"ax, 1983; Krieg, 1980).  

The c o n c e n t r a t i o n  of such  r e c e p t o r s  i s ,  t h e r e f o r e ,  l i k e l y  t o  b e  a n  

i m p o r t a n t  d e t e r m i n a n t  of t h e  androgen  s e n s i t i v i t y  o f  w F c l e  

( h x t e r  and Funder ,  1979). Androgen r e c e p t o r s  i n  musc le  have  been  

shown t o  be s u b j e c t  t o  endoc r ine  (Fiance and \!ax, 19811) and n e u r a l  

(Ee rna rd  ____. e t  a 1  J 1984) c o n t r o l .  qegz rd fng  r l eu ra l  c o n t r o l ,  we 

(Bernard  e t  a l . ,  1934) showed t h a t  d e n e r v a t i o n  and d i s u s e  caused  

an  i n c r e a s e  i n  c y t o s o l i c  androgen  r e c e p t o r  S l n d i n g  i n  r a t  h i n d -  

l i m b  and l e v a t o r  a n i  muscles. Ve hypotp ,es ized  t h a t  i n c r e a s e d  

muscle  c y t o s o l i c  androgen r e c e p t o r  b i n d i n g  f o l l o w i n g  d e n e r v a t i o n  

r e f l e c t e d  a l t e r e d  i n t r a c e l l u l a r  d i s t r i b u t i o n  of  zndrogen  

r e c e p t o r s ,  r a t h e r  t h a n  i n c r e a s e d  r e c e p t o r  s y n t h e s i s .  We now 

r e p o r t  e v i d e n c e  t o  s u p p o r t  t h i s  h y p o t h e s i s .  F u r t h e r ,  w e  d e s c r i b e  

t h e  r e s p o n s e  t o  d e n e r v a t i o n  of androgen  r e c e p t o r s  i n  rnuscle from 

male and female r a t s .  

Ya te r i a l s  and Methods 

-__ 

Animals  - F a t s  of  b o t h  s e x e s  of t b e  CD s t r a i n  ( r h a r l e s  R i v e r  

Breed ing  Labs ,  W i l m i n g t o n ,  MA)  were used .  They were housed i n  a 

12  h l i g h t s  on:12 h l i g h t s  off  c y c l e ,  a n d  t h e y  were f e d  P u r i n a  

Rodent L a b o r a t o r y  Chow (85001) and water a d  l i b i t u m .  A d u l t  males 

and females weighed 150-200 g;  immature ( < 3 weeks o l d )  r a t s  

weighed 40-50 g .  D e n e r v a t i o c  was a c h i e v e d  by s e c t i o n  of t h e  

s c i a t i c  n e r v e  i n  t h e  mid- th igh  r e g i o n  w h i l e  t h e  r a t s  were u n d e r  

e t h e r  a n e s t h e s i a .  Fo l lou ing  neuro tomy,  t h e  u n d e r l y i n g  m u s c l e s  
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were a p p c s e d  w i t h  s u t u r e s ,  and t h e  s k i n  wound was c l o s e d  w i t h  

wound c l i p s .  Ovariectomy (OVX) o r  o rch iec tomy (CDX) were 

p e r f o r n e d  under  e t h e r  a n e s t h e s i a ,  v i a  d o r s a l  and abdominal  r o u t e s ,  

r e s p e c t i v e l y .  

3 Androgen Receptor  B ind ing  - This  was a s s e s s e d  u s i n g  [ H] 

m e t h y l t r i e n o l o n e  (17-hydroxy-17= -[ 3 F ] methyl-4,9,ll-estratrien-3- 

o n e ;  ~ 1 8 8 1 ;  s p e c i f i c  a c t i v i t y  86 mCi/mmole; New England N u c l e a r ,  

h 'al tham, 3 A ) .  We a s s e s s e d  androgen  r e c e p t o r  b i n d i n g  u s i n g  a n o v e l  

f i l t r a t i o n  a s s a y  employing h y d r o x y l a p a t i t e  (Bio-Gel W P ,  BioPad,  

Richmond, C A I ,  t o  separate bound and unbound l i g a n d  ( L i a o  e t  a l . ,  

1984) .  T h i s  p rocedure  r e s u l t e d  i n  h i g h e r  v a l u e s  f o r  s p e c i f i c  

b i n d i n g  t o  t h e  c y t o s o l i c  androgen  r e c e p t o r  i n  muscle  t 5 a n  we have  

r e p o r t e d  (Bernard  e t  a l . ,  1984) .  C y t o s o l  r e c e p t o r  b i n d i n g  was 

done a t  a s i n g l e ,  s a t u r a t i n g  c o n c e n t r a t i o n  (15 nM) u s i n g  t h e  

i n c u b a t i o n  c o n d i t i o n s  d e s c r i b e d  (Fance and Kax, 1984) .  'We a l s o  

measured t o t a l  muscle (i .e. ,  homogenate)  androgen  r e c e p t o r  b i n d i n g  

by t h e  f o l l o w i n g  procedure .  Minced  muscle w a s  homogenized i n  a 

p o l y t r o n  homogenizer  i n  i c e - c o l d  b u f f e r  (5 ml/g musc le )  c o m p r i s i n g  

25 mM Na2HP04, 1.5 mM EDTA, 10% (v /v> g l y c e r o l ,  2 mM 

d i t h i o t h r e i t o l ,  10 mM sodium molybda te ,  and 1 mM 

p h e n y l m e t h y l s u l f o n y l  f l u o r i d e ,  pH 7.4. The homogenate  w a s  

f i l t e r e d  t h r o u g h  a 40 mesh N i t e x  s c r e e n  t o  remove c o n n e c t i v e  

t i s s u e  p a r t i c l e s .  Homogenate b i n d i n g  was per formed b o t h  w i t h  

s i n g l e - p o i n t  a s s a y s  (15  nM) and by S c a t c h a r d  a n a l y s i s  ( S c a t c h a r d ,  

1949). It was n e c e s s a r y  t o  d e t e r m i n e  o p t i m a l  c o n d i t i o n s  f o r  

. . exchange  i n  t h e  homogenate a s s a y s ,  b e c a u s e  t h i s  h a s  n o t  been  done  

h e r e t o f o r e  w i t h  muscle. F i g .  1 shows t h a t  C3H] m e t h y l t r i e n o l o n e  

. .  . .  
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T o t a l  ( h o n c g e n a t e )  2731-5gen r e c e p t o r  S i n d i n . g  i n  d e n e r v a t e d  and 

c o n t r o l  muscle: 

-~ I___ - -___- _ _  

"?r-,re s e c t i o n  causes a s i g n i f i c 3 n t  (40-50$) i n c r e a s e  in 

c j - t c s 3 1  ziiidrogen r e c 2 p t o r  S l n d i r , ~  (3s:-:-,zrd e t  a ? .  , 1 9 5 4 ) .  ?,?c;.use 

i t  -..-as n o t  b locked  by c y c l o % ? x t r i d e ,  t h e  i n c r e a s e  d i d  n o t  a p p e a r  

t o  re f lec t  enhanced r e c i p t o r  s y p t k t e s l s ;  r a t h e r ,  a l t e r e d  

-- __ 

i n t r a c e l l u l a r  d i s t r i 5 u t S o n  xas r r o ;  ;c 4.  C' 2. 2 shows t h a t  

S c a t c h a r d  g r a p h s  of t s t a l  > ~ Z : C I E E : E ~ ~  Z Z ~ ; - C S S Z  --.ec.?ptor b i n d i n g  of  

' d e n e r v e t e d  2nd c o n t r o l  r a t  tibialis a t e r i o r  and e x t e n s o r  
/ 
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hand,  c y t  ;go1 r e c e p t o r  b inding  vas increased fo l lc -n ' ing  l :enerv i t , ion  

-- e t  31., _ -  1.934). 

?ie t h e n  cscr2zred the e f f e c t  Qf d e n e r v a t i o n  of FnL/TA mscles  

The basa l  l e v e l  of cy tcso l  r e c e p t o r  b i q d i n g  i n  r J s c l e  from f e r a l e  

r a t s  is  g r e a t e r  t ' 7 a  t 5 a t  fro-r! T a l e s  ("ab le  I T ) ,  I n  agr~~-..-31..t w i t h  

s i g n i f i c a n t  (40%)  i n c r e a s e  i n  c y t o s o l i c  androgen  r e c e p t o r  b i n d i n g  

i n c r e a s e  i n  cy t c s o l i c  an t rogen  r e c z p t o r  b i r ?d ing  from i r i t z c t  k d u 2 t  

female rats was a l s o  s i g n i f i c a n t ,  b u t  zT:!inted t o  on ly  aSou t  1 7 %  

(Table  11). 

It was n o t  p o s s i b l e  t o  a l t e r  z p p r e c i a b l y  t h e  male or  feTale  

responses t o  d e n e r v a t i o n  by e n d o c r i n e  - z n i p u l a t i o n s ,  e i t h ; e r  o f  

i m n a t u r e  o r  mature  m l e s  and f e m a l e s .  The d a t a  f o r  K a l e s  a r e  

s u m a r i z e d  i n  F ig .  2. They a r e  p r e s e n t e d  a s  % c o n t r o l  .be.ca;ise 

d i f f e r e n c e s  i n  t h e  b a s a l  l e v e l  o f  b j n d i n g  aaong  %,ale, T e z a l e ,  

a d u l t ,  i n s a t u r e ,  and c a s t r a t e d  r a t s  (r 'shlberg e t  a l . ,  1981) nake  

c o r p - i s ~ ~ n s  i n  absolute terms d i f f i c u l t .  T h u s ,  a s  n o t e d  above ,  

d e n e r v a t i o n  of a d u l t  males i n c r e a s e d  c y t o s o l i c  antdragen r e c e p t o r  

b i n d i n g  by a b o u t  405. Denerva t ion  of EDL/TA from- i m a t u r e  males  

caused  a 30% i n c r e a s e  i n  c y t o s o l i c  a n d r o s e n  r e c e p t o r  b i n d i n g .  

T r e a t c e n t  o f  i r a t u r e  Ea le  r a t s  w i t h  e s t r ~ l l o l - 1 7  B for 4 weeks 

. p r i o r  t o  d e n e r v a t i o n  also r e s u l t e d  i n  a 30% i n c r r 2 s e  i n  [ =! -HI R1881 

6 
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r e c e p t o r  b ind5  ng t h a t  k'as 52F Z T c a t e r  tb:an c o n t r o l  f o l l o w i n g  

d e n e r v a t i o n  4 weeks l a t e r ,  

S i m i l a r l y ,  e n d o c r i n e  r z a n i p u l a t i o n s  of f e n a l e  r a t s  d i d  n o t  

a l t e r  t h e  r e s p o n s e  o f  miscle androgen  r e c e p t o r s  t o  d e n e r v a t i o n  

(F ig .  3). Thus,  

o v z r i e c t o m i z e d  a d u l t  

i m p l a n t s  for 3 weeks 

- -. 
d e n e r v a t i o n  of EDL/TA I i n  normal  a d u l t s  , 

f emles ,  or i n n a t u r e  f ema les  who r e c e i v e d  TP 

-. 

p r i o r  t o  d e n e r v a t i o n ,  caused a 17% i n c r e a s e  

i n  c y t o s o l i c  androgen  r e c e p t o r  b i n d i n g  24  h f o l l o w i n g  d e n e r v a t i o n  

i n  e v e r y  case. 

D i s c u s s i o n  

The d a t a  d e s c r i b e d  aSove add s t r o n g  s u p p o r t  t o  ou r  c o n t e n t i o n  

t h a t  d e n e r v a t i o n  of s k e l e t a l  musc le  c a u s e s  a n  i n c r e a s e  i n  

c y t o s o l i c  androgen  r e c e p t o r  b i n d i n g  a s  a r e s u l t  o f  a l t e r e d  

i n t r a c e l l u l a r  d i s t r i b u t i o n  ( B e r n a r d  e t  a l . ,  1984). This argument  

is based  on t h e  fo l lowing  d a t a :  c y t o s o l i c  androgen  r e c e p t o r  

b i n d i n g  i n c r e a s e d  by a b o u t  40-50% f o l l o w i n g  n e r v e  s e c t i o n  (Bernard  

e t  a l . ,  1984 ;  Table  IT; Fig. 3 ) .  This i n c r e a s e  was n o t  b locked  by 

c y c l o h e x i m i d e  (Bernard et a l . ,  19841, s u g g e s t i n g  t h a t  d e  novo 

r e c e p t o r  s y n t h e s i s  is  n o t  i nvo lved .  F u r t h e r ,  i n j e c t i o n  of TP 1 h 

p r i o r  t o  k i l l i n g  r a t s  whose h ind - l imb  had been  d e n e r v a t e d  23 h 

p r e v i o u s l y  ---caused some loss of c y t o s o l  r e c e p t o r  from d e n e r v a t e d  

muscle ,  b u t  the  loss was smaller t h a n  t h e  d e c r e a s e  i n  c y t o s o l i c  

r e c e p t o r  b i n d i n g  i n  i n n e r v a t e d  musc le  f o l l o w i n g  TP i n j e c t i o n  

(Berna rd  e t  al., 1984). This t y p e  of  e x p e r i m e n t  may b e  

i n t e r p r e t e d  as r e f l e c t i n g  inc;.eased n u c l e a r  b i n d i n g  w i t h  

c o n c o m i t a n t  loss af r e c e p t o r  from t h e  c y t o s o l  (e .g . ,  Tsomaa et 

- a. l . ,  1982). F u r t h e r ,  t h e  p r e s e n t  d a t a  ( F i g .  2 ,  Table I>, show 

- 
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t h a t  t o t a l  musc le  (kic.mDger,ate) anzrogen  r e c e p t o r  b i n d i n g  is  n o t  

i n c r e a s e d  by d e n e r v a t i o n .  Recent  d a t a  s u g g e s t  t h a t  unoccupied  

r e c e p t o r s  may e x i s t  i n  t h e  n u c l e u s , i n  v i v o ,  and t h a t  t h e  p r e s e n c e  

of r e c e p t o r  i n  t h e  c y t o s o l  $s a consequence  of  homogen iza t ion  

( J o r d a n  e t  a l . ,  1985). According  t o  t h i s  v iew,  t h e  phenomenon 

d e s c r i b e d  h e r e i n  n i g h t  r e f l e c t  a 1  t e r e d  a f f i n i t y  of  t h e  r e c e p t o r  

for n u c l e a r  components such  t h a t  more r e c e p t o r  is r e l e a s e d  i n t o  

t h e  c y t o s o l  d u r i n g  homogenizat ion.  A change  i n  n u c l e a r  a f f i n i t y  

a p p a r e n t l y  a c c o u n t s  for a r e f r a c t o r y  p e r i o d  for p r o g e s t e r o n e  

r e c e p t o r  b i n d i n g  d u r i n g  development  of t h e  c h i c k  o v i d u c t  (Boyd- 

L e i n e n ,  1984). Fur thermore ,  S i b l e y  and Tomkins (1974) d e s c r i b e d  

mutan t  c e l l s  t h a t  were r e s i s t a n t  t o  t h e  a c t i o n s  of 

glucocort icoids .  Among t h e s e  m u t a n t s  were c e l l s  t h a t  c o u l d  n o t  

t r a n s l o c a t e  or b i n d  hormone r e c e p t o r s  i n  t h e  n u c l e u s .  

A change i n  i n t r a c e l l u l a r  d i s t r i b u t i o n  of t h e  androgen  

receptor  m i g h t  r e f l ec t  a l t e r e d  androgen  s e n s i t i v i t y  of d e n e r v a t e d  

musc le .  I n d e e d ,  d iminished  androgen  s e n s i t i v i t y  h a s  been  r e p o r t e d  

for d e n e r v a t e d  r a t  l e v a t o r  a n i  musc le  (Kare  e t  a l . ,  1985;. Buresova 

e t  a l . ,  1972; Pagni  e t  a l . ,  1 9 7 3 )  and for a v i a n  s y r i n g e a l  musc le  

( B l e i s c h  e t  a l . ,  1973). Buresova  e t  a l .  (19731,  however ,  r e p o r t e d  

t h a t  t h e .  l o s s  of androgen s e n s i t i v i t y  of l e v a t o r  a n i  musc le  

f o l l o w i n g  d e n e r v a t i o n  was n o t  no ted  i n  immature ( < 3 w e e k s , o l d )  

r a t s ,  b u t  o n l y  i n  a d u l t s .  I n  our s t u d y ,  musc le  from immature male 

r a t s  d i s p l a y e d  t h e  same i n c r e a s e  i n  m u s c l e  androgen  r e c e p t o r  

b i n d i n g  fo l lowing  d e n e r v a t i o n  a s  a d u l t s  ( F i g .  2 ) .  

D imin i shed  'androgen s e n s i t i v i t y  migh t  e x p l a i n  t h e  a p p a r e n t  

lack of b e n e f i c i a l  e f f e c t s  of a n d r o g e n s  i n  p a t i e n t s  w i t h  

a 
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!nr?ts.:e.;roz 2 i:,,?=.,yes as az:JotropF:ic ~ ~ . t . ~ r a i  sclerosis (:,!eiser 

e t  al., 1c??80). The i n c i d e n c e  of  motoneuron d i s e a s e  is  h i g h e r  i n  

males $,?-!?an f e z a l e s  (?:Finer ,  1980 ; “ a u s ~ , ~ n c v ~ - F e t r u s e w i c z  e t  21. , 

1982). I t  is p c s s i b l e  t h a t .  t h e  s rna l l  s e x  d i f f e r e n c e  i n  t h e  

r e s p o n s e  o f  muscle androgen r e c e p t o r s  t o  d e n e r v a t i o n  ( T a b l e  T I ,  

F i g s .  2 and 3) might be r e l a t e d  t o  t h i s  c l i n i c a l  phenon?non. We 

were u n a b l e  t o  a l t e r  the  m a l e / f e E a l e  d i f f e r e n c e  i n  r e s p o n s e  of  

muscle androgen  r e c e p t o r s  t o  d e n e r v a t i o n  by hormone m a n i p u l a t i o n s  

from 3 weeks  of  age t o  a d u l t .  Perhaps p e r i n a t a l  e s t r o g e n  (TiLhler 

and Wui tke ,  1975; D z h l e r  e t  a l . ,  1984) i m p a r t s  t h e  ma le / f ema le  

d i f f e r e n c e  noted above. 

-... ~ 
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F i g u r e  1 - Exchange c o n d i t i o n s  for t o t a l  (homogenate)  

androgen  r e c e p t o r  b inding  by r a t  s k e l e t a l  muscle .  E x p e r i m e n t a l  

-~ 

p r o c e d u r e s  a re  described i n  t h e  t e x t .  

F i g u r e  2 - Scatchard  a n a l y s i s  of C3F! 1 m e t h y l t r i e n o l o n e  

s p e c i f i c  b i n d i n g  by homogenates o f  c o n t r o l  and d e n e r v a t e d  (24 h )  

t i b i a l i s  a n t e r i o r  and e x t e n s o r  d i g i t o r u m  l o n g u s  muscles from a d u l t  

male ra ts .  There  was no s i g n i f i c a n t  d i f f e r e n c e  i n  KD or Bmax. 

E x p e r i m e n t a l  p r o c e d u r e s  a r e  desc r ibed  i n  t h e  t e x t .  

F i g u r e  3 - E f f e c t  of d e n e r v a t i o n  (24 h )  on c y t o s o l i c  androgen  

r e c e p t o r  b i n d i n g  of e x t e n s o r  d i g i t o r u m  l o n g u s  and t i b i a l i s  

a n t e r i o r  muscles from male r a t s .  Data a r e  p r e s e n t e d  as  a v e r a g e  % 

of t h e  v a l u e  from c o n t r a l a t e r a l  c o n t r o l  musc le s  f SD. 

* S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l ,  p < 0.05. 3 wk., .z 50 g 

body u t . ;  3 wk. +E2 + a d u l t ,  r a t s  r e c e i v e d  S i l a s t i c  c a p s u l e s  

c o n t a i n i n g  e s t r a d i o l - 1 7 8  a t  3 weeks o f  age - 4 weeks l a t e r ,  

t i b i a l i s  a n t e r i o r  and e x t e n s o r  d i g i t o r u m  l o n g u s  m u s c l e s  were 

d e n e r v a t e d  (24 h ) ;  GDX 3 wk + a d u l t ,  rats were o r c h i e c t o m i a e d  a t  3 

weeks of age - 4 weeks l a t e r ,  e x t e n s o r  d i g i t o r u m  l o n g u s  and 

a n t e r i o r  t i b i a l i s  muscles were d e n e r v a t e d  (24 h ) .  E x p e r i m e n t a l  

p r o c e d u r e s  are desc r ibed  i n  t h e  t e x t .  

F i g u r e  4 - E f f e c t  of d e n e r v a t i o n  (24 h )  on c y t o s o l i c  androgen  

r e c e p t o r  b i n d i n g  of e x t e n s o r  d i g i t o r u m  l o n g u s  and t i b i a l i s  

a n t e r i o r  m u s c l e s  from female r a t s .  Data  are p r e s e n t e d  as  a v e r a g e  

I of t h e  v a l u e  f o r  t h e  c o n t r a l a t e r a l  c o n t r o l  musc le  * SD.  

. * S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l ,  p < 0.05. A d u l t  + OVX, 

a d u l t  r a t s  w e r e  ovar iec tomized  2 weeks p r i o r  t o  d e n e r v a t i o n ;  3 
. _  
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c o n t r o l  

24 h d e n e r v a t i o n  

171  f 15 ( 6 )  

178 2 28 ( 6 )  

- - _- - - - - - - - -. _. ------ -- __- -  

SxperFmen ta l  p r o c e d u r e s  a r s  d e s c r i b e d  i n  t h e  t e x t .  
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